A Maor purpose or 1mne
Technical Information Center is to
provide the broadest dissemination
possible of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although portions of this report
are not reproducible, it is being
made available in microfiche to
faciltate the availability of those
parts of the document which are
legible.

3



NOTICE

THIS REPORT IS ILLEGIBLE TO A DEGREE

THAT PRECLUDES SATISFACIORY REPRODUCTION )77 ) /Z/ ﬂ
P

Los Alamos Nafiona! Leboratory i operated by the University of Californig 1or the United States De artment of Energy ungfer contract W.7405.ENG-36

COOE - S4CS g - - |

TITLE: SOLA-LOOP ANALYSIS OF A BACK PRESSURE CHECK VALVE

LA~UR--84-1620

AUTHOR(S) J. R. Travis DE84 012437

SUBMITTED T0. IAEA Technical Committee/Workshop on the Uses of Computer Codes
for Nuclear Reactor Safety Analysis, Varna, Bulgaria, 28 May -
1 June 1984.

DISCLAIMER

This repert was prepared as an account of work sponsored by an agency of the United Stutes
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implicd, or assumes any legal liability or responsi-
bility for the uccurucy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark, /lv
manufacturer, or othcrwise does not necessarily constitute or imply its endorsement, recom- ﬁ 1
mendation, or favoring by the United States Government or any agency thereof. The views i
and opinions of authors expressed hersin do not necessarily state or reflect those of the
United States Government or any agency thereof.

By scosptance of this ariicie. the pubdligher recognizes that the U.8. Governmant retains & AONEREIUSIve, royaity-1ree hoanss 10 pubiish o! reproduce
the publighed form of this contridution, or to altow others 1o do 80, for U.S. Ouvernment purposes
The Los Alamns National Ladoratory requesia thal the publisher igentity this Srucie 88 work performed under the auspices of the U B Depsriment of Energy

LS Al2NAOS LesAamos NatonalLaborstory

BISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

et Rl o e i R AR



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


SOLA-LONP ANALYSIS OF A BACK-PRESSURE CHECK VALVE
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Los Alamos, New Mexico 87545

ABSTRACT

The SOLA-LOOP computer code for transient, nonequilibrium, two-phase flows in networks has been coupled with
a simnple valve model to analysis a feed-water pipe breakage with a back-pressure check valve. Three tests from
the Superheated Steam Reactnr Safety Program Project (PRDR) at Kahl, West Germany are analyzed, and the calcu-
lated transicnt back-pressure check valve hchavior and fluid dynamics effects are found to be in excellent agree-
ment with the experimentallv measured data.

1. INTRODUCTION

3hould a feed-water pipe in a nuclear power plant break, the feed-water back-pressure check valve has the
function of limiti{ne the loss of conlant. Tha check valve m,1t close quickly, with the result that the escaning
f1414 comes to rest in a verv short perind of time. Forces are developed in the pine by the rapid cloanre of the
valve that may lead to stresses of cons{derahle magnitude on the valve, pipe and sunports. The so-called "fast-
slow” feci-water back=preszure check valves have heen designed to solve this problem. These valves have an op-
timized damning mechanism so that the last part of the closure stroke is very slow, thus minimnizing the witer-
hammer effects.

An experimental nerfuormance analysis nas been conducted {1] by the PIDR of the Xernforschungezentrun in
varlsruhe utilizing a full scale previouslv operational single loop pressurized water reactor facilitv. The
German blowdown experiments, with which we are to compare the SOLA-LOOP calculated results, consisted of three
tests. Tt was the osjective of these testy to {nvestigate the closure of the feed=water back-nressure check
valve and the fluid dynamice {n the ploines network following a sudden pine rupture.

TI. EVPERIMENTAL FACILITY

The pipe system used for the “lowdown exneriments, including the auxiliary devices, is shown in Fia, 1. The
ateady state flow nath leads fror the S-connector (3) of the reactor nressure vessel (1) through a Mall-shined
fiteiag (13), the suction-side shut-cff zate valve (6), the clrcularion pump (7), the quick-action stop wvilwe
(%), the T-fitting (12), the measuring ring II (10), the experimental cteck valve (4), and measurinz rinx [ (9)
hYick to the reactor pressure tank (1), On the other side of the T-filling (l:), the rupture connector () con=
nects with the runture disk device and the measuring ring ITI (11).

At the {niti{alization of the flow conditions, the ecirculation pump estadlishes a flow rate of approxinately

1AM HJ/h, which corresponds to a average stead, state flow velocity of roughly 4.0 m/s in the pipe loop. At the
-anment the rupture disks break, the circulation pumn (7) {s shut nff, and the quick-action stop valve (53) he the
function of closing off the S-loop in ahout 1 &, As a further shut=off device in the S-loop, there (s 1len 1
shut=off gate valve (A) which takea ahout 2 min to close.

To tnitiate the hlowdown, the pressire hetween the two rupture disks is caised nuickly so that the onter
4{sk s bhlown ont the end of the pipe. This results in a large pressure differential across the {nner runture
Alsk and it {s also hlown out. The nipe crosa-section {s compintely opened within 3 ms.

The exner.iental valve {s a fecd=water hacke=pressure check valve with hvdraulic end dampi{ne. Figure 1 showa
the check valve in the horizontal nplane of the nipe axis as ‘t {s {nstalled in the experimental superheated <tr-
reactor plant. The valve apparatus {s {nstalled in the housing at an angle of 45 degrees, with the movahle wilve
head (X) and the Aampinp ptston (D) hoth rigidly connected to the spindla (S).

'non hlowdown, the normal flow shown {n Fig. 2 from left to right {s reversed and the valve head maves from
the nnen position shown to the clnsed nposition with the valve head seating {n the valve throat. This motinn {«
at firat fant but in its final phase mich slower as damping begins as soon as the annular .r hetween the cvlin-
der and the Aamning niston narrows to a snall width as the damning niston lowers. Figure 3 shows the damni-e o=
afan with the gentle taper between the larger cylindrical diameter (verv little damping) to tae smaller cvliniri-
cal 4iameter (maximum dampinp). The valve head closing rate denends on the resistance the annular sap nreseats
to the flow of water from tha chamher under the piston. For experiments V60.1 and VAN.2 the annular aap i« N3
nm, and experiment VAN.3 has an annular gap equal to 1.3 mm. Lass flow resintance, for example, can he deufans!
Into the damping phase by increasing the anuular gap width or by decreasing the roug'iness of the annular
surfaces.

111, DESCRIPTINMN OF THE THEORETICAL MODEL

The SOLA=LNOP (2] computer code has heen utilized to caiculate the flow {n the pipe network shawn in Fig. 1.
SALA=LNNP {8 a anphisticated yet fairly simple, very user friendly, highly flexitle computer code for transient,
noneauilibrium, two=phase flow {n r .works. Each component mav have a one=dimendfnnal representation with viria-
hle crosa=sectional area. The flow dvnamics s governed by a set of nonlinear conservati{on laws hased on 1 0=
eralized drift=flux model for two=phase mixtures. The equations are solved by & partially {mplictt finfte-



difference method (ICE: Implicit Continuous-fluid Eulerian [3)) that can use different time steps in different

components,

of this paper, only a brief sketch of a reduced form of these equations
At the flow rates of interest, it is anticipated that the relative
Therefore, for this discussion we assume that the two phases comprising
erage velocity.
In the case of equal phase velocities (mechanical equilibrium) and
librium), the governing equations for the two phase nixture density, o,
duce to
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where A {s the time-{ndependent, cross-sectional area of the flow channel or pipe.

The complete equations and constitutive relations describing interphase transfers of mass, momentum,
and energy, as well as the details of the numerizal solution technique can be found in Ref. 2.

For the purposes
i3 given here.

velocity between phases will be small.
the fluid mixture move with the same av-

equal phase temperatures (thermal equi-
velocity, u, and internal energy, 1, te-
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Local flow losses from ranid

area changes are accounted for bv adding the necessary pressure loss and energy dissipation to Eqs. (2) and (3)

through the terms fv and Y

(s vis’ respectively.

nipe wall friction.

where I is the rate of production of vapor mass per unit volume and time.

that the vapor and liquid temperatures are both equal to the saturation
{s accomplished by chonsing a vapor production rate of the form

['m C(Tl - T!) ’

where T

L and Ta

ly larne to insure a large vapor production rate to nroduce nearly continuous equilihrium states

l1{auidA, gas, and satiration temperatures are the sane.
hnmogenenus equilibrium model (HEM)

In order to include the dynamical effect of the back-pressure check valve on che fluid dvnamlcs,

essary to couple a valve model to 30LA-LONP,

In addition, the term fv

are the liquid and saturation temp.:ratures, respectively.

{s accounts for pressure losses due to

These equations must be supplemented with an equation for the macroscopic vapor density, EW

(%)

For the rresent study, we have assumed
temperature (thermal equilibrium). This

(3)

The coeffictent, £, {s set suffic{ont-

fa which the

This development leads to what {s commonly called the

{t {8 nec-

This coupling {s accomplished with SOLA=LONP supplving time~depnon!-

ent fluid velocities, densities, and pressures to the valve model, and {n return, the valve model calculates a

time-denendent valve head position (stroke), which is used to determine

the resistance to flnow through the vilve,

The equilibrium of forces on the valve head {s established by the acceleration, the pressure force of the
fluid, the damping force of the valve, the gravitational force, as well as any external actuating force and/or

anring sur.ort of the movement of the valve.

This force bhalance for the valve model {s given by

where the forces aret (1) pressure force, (2) hydraulic damping foice, (3) external actuating force, and (=)

aravitationa! force.

Tha dynamical hehavior of the check valve influences the fluid dynamics through a pressure lows {n the f
ternm in Eq. (2). This pressure loss (s represented, Ap » Ev(%ovz). where p and \ are the upstream fluid densitv

and velocity, rasnectively, and ;v {s the valve position dependent flow
accounting for this pressure loss,

vis

losn coefficlent, There are two wavs uf

The first is to sum the effects of actually changing the area npen to flow {a



the mesa' cell represented the value and adding a pressure loas such that the total loss from the time depcndent
area chanae plus the added pressure loss equals the desired total pressure loss. The second method i3 to derive
the same pressure loss by ignoring the area change and simply modeling a functional pressure loss. We have
elected to make use of the second of these methods L:cause the numerical loss associated with physically chanzing
the area is not well known, and for the second method, it is siaply a matter of being consistant in choosing the
flow loss coefficlent and veloclity position. Reference 4 lists steady state values for this resiatance coeffi-
clent as 1 function of the valve position or stroke. We have found in comparisons with dats from the rhree ex-
nerimenta iiscussed in the next section that these steady state resistances are less than what are actually
necded. Tt has been shown [5) that with decelerating flows, the realstance is appreciably more than for the
enuivalent steady state. This is consistent with our findings, and therefore, has lead us to devalop our own
sosicion dependent flow loss coefficient based upon the unsteady transient experiments discuasad {n the -ext
sectlon.

V. GVPERIMENTAL AND COMPUTATINNAL RESULTS

The test parameters for the three tasts are as follows:
YA7,1 = Teat with normal BWR - deaign conditions and with near optimized damping in the check valve.

A1, = Tesat with the same check valve damping as {n VAN.1 bur with stronger thermodvnaric conditlons due to
the cold water in the test pipe.

VAN, -~ Test with normal %'V - design conditions but with reduced damping {n the chack valve.

The haundary and {nftial conditions are:

len~th of the test plpe : 15.0 m
d{ameter of the tast pipe : 3714 mm
1{ameter of the rupture nozzle : 453.9 mm
nregsyre in the vessel : 70.0 bar
t:mperature {n the vessel : 195.0°¢C

temperature {n the plpe

V6n.1 ard VAN,3 : 120.n%¢C

VAN, 2 H 50.0°¢
valve nos{tion : 88.n mm
valoclty in pine : 4.0 m/s

'n Figs. 4, 5, and A, the time "istory of the valve position, there is an undamped run from the I[nftial po-
alti{on t» roughly 75 mm. At that time (approximately 0.N3 s) the annular gap has decreased so that hvdranllc
iamping hecomes {mportant. This (s evidenced by the dramatic change in the slope of the clndlng cuarves, 1t least
{n tests VAN.1 and VAN,2, in an attempt to soften or minimize the water-hammer effect. In test V4D, the rlosure
rite {a largely unaffected bv damping, although {t is noted that there la a slight alopa change at 7’5 -=m or
“v13) ¢ as vell. As the valve continues to close, there (s another change {n the closing curve slone for VANl
a%4 VAN, 7 at anproximately 55 mm (N.15 s) or just before the curves become linear. For V4N.3 the linear nurtion
n{ the cloaing curve doas not start unti) the valve has closed to about 45 mm or roughlv N.1 s. eference ! lists
the clovine times of 609 me, %94 ms, and 14% me for VAN.1, VAN.2, and VAN.Y, reapectively. 1In these coanirlisans
ani the ones to follow, the calculated curves ure designated with trianples while the measured expeari=ontal lath
1re shown unmirked.

Treusure hiatories just upstream of the value for the three experiments and calculations are prescated {n
f{ee. 7, %, and 9. The rather sharp pressura spike at N.N7 s for all three experiments {3 a result of the “anae
{n <he closing curve slope at that time. Additionally, there are local pressure maxima cotresnoniing {n ti=¢ >
the other clecui{ng curve slopes changes, namely 0.1% s for VAN.1 (Fig. 7) and V6N.2 (Fig. %) and 0,1 s for VA",
(Figq. 7). Through the linear portion of the nlosing curve unti]l the valve ls actually closed, there i3 relative-
ly veary little pressure change; howgver, after closing, the water-hammer effect ia dramatically shown {n all
thras expnriments. For tests V60.1 (Fig. 7) and V60.2 (Fig. 8), this water=hammer is in the nelghharhond of 11 -
1} bars, while in V6N.3, vhere the closure rate {s largely unaffected by hydraulie damping, and conscquently, tho
water-hamner ls very pronounce and closer to 70 bars. The water-hanmmer ot 1/4 period pressure wives are set up
in the {sclated pipe between the closed valve and the pressure vessel. These waves are shown to decay in tine,
Pressure tistories on the downstream side of the valve are presented {n Figs. 10, 11, and 12, After th: initial
transiant of roughly 0.1 s, the firsr closing curve change of slope is reflected in the sharp spike at ".0) s,
the pressures nquickly approach their saturated valuas corresponding to the liquid temperature. !llass {low rate
measutemants at measuriag ring I (Fige. 13, 14, and 13) exhibit an initial fluid accelaration through the valve
(times ¢ .1 8) and then deceleration as the flow resistance {ncreases corresponding to the valve closing.

Recall that the difference between experiments V80.1 and V&0.2 {s that in V'40.2 the fluid tempavature I«
50°C av opposed tu 220°C temperature in V6N.1. Tha main Alstinetion betwean these, otherwise {dentical, experi-
tents thows up in the downstream presesure histories (Tige. 10 and 11) and the mass flov rates (Figs. 13 and 14),

After 'he initi{al transient, the pressure for VAN.1 {s about 2.7 x 106 Pa (2) bar) as contrasted to rouphly

4
1.2 x 10 Pa (N.12 har) for VAN.2. Thess pressures correspond to saturation pregaure for the fluld tempcratur.,
vespecl {vely. With flashing nccurring in the valve throat, the mams flow rate reaches critical valuew which arn




s

lonendent unon the pressure through the valve. Consequently, the maximum masa flow rate for V60N.2 {s approxi-
nately 35% zreater than V6N,1. Notice that VAO.! and VAN.) axhibit some leakage past the valve after {t is sup-
nosedly closed. This is evidenced by the positive mass flow rates after valve closing. [In fact for V60.3 (Fig.
13), 1t appears from the experimental data that the valve head actually rebounds at approximately 0.5 s,

v, NODING AND ACCU'RACY CONSIDERATIONS

In any mumerical integration method, it {s important to assess the accuracy of the approximations. 1In the
aresent cage, this is done in two wave. The first and most straightforvard method is to increase the recolution
of the finfte difference mesh. This is also, computationally, the moat costly nmethod. In the SOLA-LOOP code,
there {3 a second, more efficient method to check errors induced by mnumerical diffusion. All caonvective flux
terns In the SOLA-LOOP code are approximated by a mixture of centered and upstream or donor cell finite differ-
ence expressions. The mixture is controlled by an input parameter ALPHA, such that a value of unity for ALPHA
reenlts In donor cell differencing, while a zero value corresponde to centered differencing. For nunerical
stihilitv, it is generallv necessary that ALPHA remain greater than the largest value of (uldt/8v occurring in
the mesh. MNowever, the closer ALPHA is to this stabilitv limit, the smaller will be the numerica. diffusion.
Yoth of these accuracv checks have been incorporated in develonina confidence in the numerical solutton. The
f{ral nesh confiouration vas determined after applviag mesh refinements and setting ALPHA close ton the stabillew
1imit with the resulting effect heing onlv small changes in the solution.

VI CORCLUSTANS

It has been Jamonatrated that the coupling nf mumerical tools, such as SOLA=-LONP and a medel for the Jvra=i:
hehavlor Y a back=nresaure chesk valve, can be a treanendous help {n designing complex network svstem 570 1ents
{n arder to achleve near ovtimum rerformance ~haracteristice. Calculated results are deen to he {n evzelle-t
dzroenent with the overall experimental data and in remarkablv good agreement with the fine struzture 1nd fea=
tures of the measured quantities.

The aithor wishes to express his anpreciation for discussions with F. N, Marlow and ‘I, D. Torrev. This oo
rae sunported by the United States Nuclear Regulatory Conmission, Divialon of Reaztor Safetv Reswearch,
‘aghington, OC,
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Reactor pressure tank (RPT)
T-connector

S=connector
txperimental valve
Nuick-action stop valve
Shut-off gate valve
Circulation pump
Rupture connectot
Measuring ring I

10 ‘teasuring ring TI

11 ‘!leasuring ring III

12 T=fitting

13 Rall fitting

D AN N W

Fig. 1. CSxperimental pipe systam (from Ref. 1).
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